ABSTRACT A comparison has been made between the unidentified spectral lines of comet 122P/de Vico and observed dispersed fluorescence spectra in the UV and visible region from jet cooled CS 2 . Twenty-eight lines of the spectral atlas of this comet have been identified as originating from emission of CS 2 when this molecule is excited by solar radiation in the near-ultraviolet region of the spectra. This work proves the presence of CS 2 in comets and points to a new method for identifying parent molecules in comets.
1. INTRODUCTION The study of comets provides us with the opportunity to investigate the remnants from the beginning of the solar system. Knowing the chemical content of the cometary coma and the long-term evolution of comets can provide significant information about the composition of the early solar nebula (Altwegg et al. 1999 ) and the chemical diversity among comets (A'Hearn et al. 1995) . This later research interest is important for grouping comets into families and linking them to the region where they were formed in the primordial solar nebula. The gases sublimating from the cometary nucleus are the parent molecules of the atoms and free radicals formed by photodissociation with solar radiation. These free radicals have been identified in the vacuum ultraviolet, UV, and visible regions of the spectra of the coma of comets. In the past, parent molecules in the coma have only been identified by their infrared and radio emissions. The detectors in these spectral regions have lower sensitivities than those that are available in the UV and visible regions. Thus, any method that employs UV and visible radiation to identify parent molecules will be inherently more sensitive than the previous methods. Furthermore, UV and visible spectroscopy can easily be employed with large groundbased optical telescopes as well as with the various spacecraft planned for cometary flybys and encounters. Large groundbased telescopes offer the possibility for increasing the number of comets whose molecular composition can be determined remotely, while UV-visible spectroscopy on spacecraft can provide simpler instruments for these missions.
High-resolution spectroscopic observations of comet de Vico indicate that there are more than 4000 unidentified lines in the UV-visible spectra. In this Letter, we will show that CS 2 , which is expected to be in comets (Jackson et al. 1986) , is responsible for 28 of these lines. Laboratory fluorescence spectra of CS 2 that were taken in supersonic molecular beams have been used to identify 28 of the unidentified lines in the visible and UV spectra of comet de Vico. The methods that were used are discussed in an earlier paper (Jackson & Scodinu 2004) , and it is expected that similar methods may apply to many of the parent molecules with strong bonds such as benzene and cyanogen that are expected to be in comets. As discussed in that paper, the spectral features associated with polyatomic molecules are generally so complex that the molecular constants cannot be used to predict the spectral features that are expected to be in comets, but laboratory fluorescence emission spectra taken in a supersonic molecular beam can be used. In this Letter, we present the first comparison of the unidentified spectral lines of comet 122P/de Vico with such laboratory data on the CS 2 emission lines observed in the UV and visible spectral region.
RESULTS AND DISCUSSION
High-resolution spectra of comet 122P/de Vico were obtained at the McDonald Observatory in 1995 October. This comet had a high gas-to-dust ratio that yielded high-resolution spectra with an excellent signal-to-noise ratio. In the spectral atlas of comet 122P/de Vico (Cochran & Cochran 2002) , which covers the wavelength range 3830-10192 , Cochran & Coch-A ran have identified 12,219 emission lines with known molecules and have located 4055 lines that remain unknown.
In the UV and near-UV spectral regions, the CS 2 molecule absorbs between 1850 and 2100 and between 2850 and A 3500 , respectively (Jackson & Scodinu 2004) . In the latter A wavelength region, the photon does not have enough energy to break the S i CS bond. Thus, in absence of collisions, these excited molecules will have to fluoresce. Generally, this emission is Stoke-shifted to the red because the internuclear distances in the excited state are longer since the bonds are weaker. There are many polyatomic molecules with strong bonding that undergo similar shifts, although they have not been as extensively studied in supersonic molecular beams as CS 2 . The near-ultraviolet spectroscopy (3800-2900 ; Kleman 1963; Jungen et al. 1973; Ochi et A al. 1987 ) and the laser-excited fluorescence emission spectra of this molecule (Kasahara et al. 1984; Bernath et al. 1981; Silver & McKeever 1976; Dueñas Fañ anás & Cabello 1983; Lambert & Kimbel 1973; Matsuzaki et al. 1982; Liou et al. 1992; Vasudev 1982) have been investigated by many authors over the past 60 years. The results from the later studies have been compared with the unknown lines of comet 122P/de Vico.
The spectroscopic observations of the comet were obtained at a high spectral resolving power (
). This R p l/Dl p 60,000 is much greater than the resolution of the CS 2 laboratory emis- The vacuum wavenumbers are from Kasahara et al. (1984) , except for those labeled with an asterisk, which are from Bernath et al. (1981) . c The assignments of the excited bands from which the emission lines have been observed are those reported by Ochi et al. (1987) , Jungen et al. (1973), and Kleman (1963) .
No. 2, 2004
CS 2 IDENTIFIED IN COMETARY SPECTRA L141 sion spectra. Because of this, we only retained matches that were within 3 cm of each other. The physical conditions in
Ϫ1
comets are such that collisions should be relatively unimportant (Jackson & Donn 1966) , and it is expected that CS 2 will be rotationally and vibrationally very cold. Only those comet lines that come from excited states of CS 2 that are originally populated from solar excitation of the (000) ground electronic state are retained as matches. Matches that are present in both the head and the tail spectra of comet 122P/de Vico were discarded because it is known that the CS 2 emission should be confined near the nucleus since the theoretical photochemical lifetime of CS 2 is less than 1000 s. There is no evidence that an extended source of CS 2 exists in comets. Employing these criteria drastically reduces the number of matches, but it ensures that the remaining lines are explainable in terms of the conditions expected in the cometary coma. A program was used to match the lines in comet 122P/de Vico to the lines reported from laboratory studies on CS 2 . From the criteria described above, there are 28 comet lines in the first column one of Table 1 that are within 3 cm of the Ϫ1 laboratory CS 2 lines in the second column. Within this tolerance, some of the laboratory lines can be matched with multiple comet lines. This is probably due to the higher resolution of the cometary spectra. The laboratory CS 2 lines are really vibrational bands that are resolved into their rotational components in the comet. Ochi et al. (1987) have shown that when laser excitation spectra of supersonically cooled CS 2 are taken, the vibrational bands break up into several rotational lines that extend over a 4 cm range. This explains why there are several Ϫ1 comet lines assigned to one CS 2 band in Table 1 . Some of the bands only show one line in the cometary spectra even though with the high resolution of these spectra there should be more. This may be because some of them overlap identified emission lines in the comet that were not considered in the present work. There should also be some strong CS 2 emission lines that occur at wavelengths shorter than the 3830 cutoff of the present A spectra of comet de Vico. We are currently examining other high-resolution spectra of comet de Vico that extend to shorter wavelengths to determine if these lines are present.
The final levels for the lines in the table were assigned using the data reported in the literature (Kasahara et al. 1984; Bernath et al. 1981) . The lines and their assignments are shown in Table 1 along with the name of the vibrational bands as given by Jungen et al. (1973) and Kleman (1963) in their classic studies on CS 2 . Most of the observed emission lines arise from the strong features in the absorption spectrum obtained in a supersonic molecular beam, i.e., the 10V and 15V bands (Kasahara et al. 1984) . This is what was expected since the upper levels from these absorptions should be the most populated. Emissions from triplet states, such as transitions within the electronic band system designated as R (Jungen et al. 1973; Ochi et al. 1987) , are also expected to occur in a collision-free environment of the coma of a comet because intersystem crossing from the singlet to triplet state should be rapid. The CS 2 comet features near 25,310 cm may be blended with two C 3 emission Ϫ1 lines (Balfour et al. 1994) . This implies that some of the multiple matches near the CS 2 band at 25,310 cm may be Ϫ1 due to C 3 emission rather than CS 2 .
In conclusion, 28 previously unidentified lines in comet 122P/de Vico have been assigned to emissions by CS 2 . These results also suggest that other molecules with strong bonds, such as benzene and cyanogen, that absorb in the 280-400 nm region where dissociation does not occur are also likely to be responsible for other unidentified lines in cometary UV and visible emission spectra. We are currently investigating a number of likely candidates and expect to be able to provide other examples at a later time. Although the number of wavelength coincidences in this study is large enough to warrant the identification of CS 2 as the carrier of the listed lines, the relative intensities of the features concerned should also be invoked. However, no relative intensities have been reported in the literature so this could not be done at the present time. In order to address this and other interesting issues that will further refine our knowledge of comets, laboratory experiments are in progress that will allow us to excite single rotational lines of jet-cooled CS 2 , as well as of other molecules expected to be in comets. These future observations of the dispersed fluorescence spectra that result from this excitation when viewed with an accurate high-resolution spectrograph will provide the kind of laboratory line list that is needed for cometary spectroscopy. This work was supported by a NASA planetary atmospheres program under grant NAG5-12124 and by NASA Planetary Astronomy under grant NAG5 9308. We are thankful to Professor Mike A'Hearn for his helpful discussions and to Professor Claude Arpigny for his critical review and suggestions.
